Thus, the consumer's problem is to max , ( , , ) . = + ( ),
so that n of the n+1 first order conditions could be summarized in the following expression
( , , ) para j = 1, … , n
The consumer has to decide which is his optimal bid for the house; this means its willingness to pay. The consumer's "Bid Function" describes the relationship between the bid that the consumer would make for Z, based on changes on one or more of its characteristics, keeping constant the utility and its income (Taylor, 2003) . Thus, if 0 − = , the utility of the agent i can be expressed as:
from (A6):
From the previous equations, the consumer problem can be expressed as max ( − ( , , , ), , ) ,
the first order conditions of the maximization problem in (A8)
This implies, � , , , � = ( , , ) ( , , ) = 1, … , .
By comparing (A5) to (A10), in the optimum
for each consumer and characteristic. This means that at the optimum, the consumer´s offer for one more unit of the characteristic (
) is exactly equal to the marginal effect of this change on the price of Z. In other words, what the consumer pays is equivalent to what the market will charge him (her).
Robustness Checks
There are at least two identification issues to consider: the evidence in favor of the existence of three submarkets defined by type of dwelling, and how results might change using an alternative measure of air quality, or different functional forms for the HPF.
A Chow test was used to check for structural changes in the HPF among the housing submarkets. By calculating an equivalent Chow test for the frontier model of the general case, we found that a structural change exists (χ 2 = 354.7) between the three submarkets based on the specified functional form. Another exercise was to use the Two Step Clustering method as in Poudyal et al. (2009) . We estimated the optimum number of clusters and the cluster structure using cadastral data, which captures the census of all Bogotá's dwellings. The methodology predicts three submarkets: apartments (cluster 1), houses without horizontal property (cluster 2), and houses with horizontal properties, similar to the market structure that this document uses.
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We also used as a robustness check different functional forms of the hedonic function as well as different air quality measures. As suggested by Cropper et al. (1988) and Kuminoff et al. (2010) , simple functional forms such as semi-log or log models are preferred. Air quality parameters were negative and significant for most of the functional forms' specifications and submarkets. We also compared the results of the FS using OLS estimations to the FS frontier model. OLS results are also consistent with a negative and statistically significant effect of PM10 concentration on housing rents; the implicit price elasticity for air quality based on OLS estimations were 21 per cent higher than in the benchmark frontier model specified to mitigate Omitted Variable Bias.
Regarding various air quality measures, The SS demand function is robust to the measurement of air quality (using IDW results), to changes of functional form (log-log specification), to model specification for FS estimation (using results of OLS with Spatial fixed effects) and to changes of instruments for the SS (using only precipitation as the instrument). None of the mentioned changes had major consequences on the significance of the negative relationship between price and quantity of the estimated demand. 4 Our main goal was the estimation of Total Willingness to Pay (TWP) for PM10
reductions, thus, robustness should be seen primarily in terms of these results. Table RC2 below summarizes the welfare estimations for the general case of the proposed estimation and the robustness exercises. In some cases, results converge either to similar elasticities or to similar welfare measures. For example, when using data from the IDW interpolation method, welfare measures for achieving both the national standard and the WHO standard are higher but not much higher than those derived by the proposed model. Interestingly, welfare measures are quite robust to different instrument specifications. For example, welfare measures and elasticity estimations do not change significantly between the benchmark specification and a specification using only wind speed but not raining data. Table A7 replicates SPSS output for the Two-step Clustering algorithm. The first row identifies the proposed clusters, and assigns to each of them an id number. The second row presents the size of each cluster, as the percentage that each of them represents in the CATASTRO database. Finally, from row three onward, the algorithm shows the variable with which clusters were created. Results suggest that the variables and completely define the clusters. Hence the first group is defined by no-condos houses ( = 0 and = 0), the second group corresponds to houses in condominiums ( = 0 and = 1), and the third one corresponds to apartments ( = 1 and = 1). Figure A1 . Types of dwellings
